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change in the mineral constituents of the grain or 
in the total nitrogen, the weight per bushel and 
the weight per 1000 kernels remaining practically 
constant. 

LABORATORY OF VEGETABLE PHYSIOLOGICAL CHEMISTRY, 
BUREAU OF CHEMISTRY, WASHINGTON, D. C. 

A RAPID METHOD FOR THE DETERMINA- 
TION OF TOTAL POTASSIUM IN SOILS. 

By 0. M .  SHEDD. 
Received March 8,  1909. 

The method herein described was devised for 
the rapid determination of total potassium in soils, 
but  is applicable to silicates generally. I t  is a 
combination of the J. Lawrence Smith1 method 
with the cobaltinitrite method of W. A. Drushel,2 
the potassium being brought into solution by the 
former method and determined by the latter, 
without previous separation of the calcium. 

The procedure recommended is as follows: One 
gram of finely ground soil and an equal weight of 
C. P. ammonium chloride are well mixed by grind- 
ing them together in a mortar and these intimately 
mixed with 8 grams of C. P. calcium carbonate. 
The mixture is transferred to a platinum crucible 
of 25-50 cc. capacity, in which a thin layer of 
calcium carbonate has been sprinkled to prevent 
sticking of the fused mass to the bottom, and the 
contents compacted by gently tapping the crucible. 
The crucible is then covered with a well-fitting lid and 
supported upright over a good burner by means of 
a square of asbestos board through which a round 
hole has been cut of such size that about one-third 
of the crucible projects below the board and will 
be exposed to the heat. The heating is conducted 
as recommended by Smith as given in the de- 
tailed description of the process already cited. 
By this arrangement only the part  of the crucible 
containing the mixture is exposed directly to the 
flame, while the upper part  and cover are kept 
relatively cool, thus reducing to a minimum the 
chance of osing potassium chloride by volatiliza- 
tion. After the heating has been finished and the 
crucible is cool, the sintered mass is transferred 
to a porcelain evaporating dish, rinsing lid and 
crucible into the dish with hot water, adding, 
finally, about jo cc. It is best to let the mass 
slake a few minutes with only enough water to 
moisten it, after which it should be well ground up 
with a pestle, more water added and allowed to 

1 Fresenius’ “Quantitative Analysis,” Am, edition, page 426. 
2 Adie & Wood, J .  Chem. Soc., 77, 1076. Drushel, Am. J. Sci., 

24, 433. CLm. News, 97, 124. 

digest on the water-bath two or three hours. The 
liquid is now decanted through a filter and the 
mass stirred up with another portion of hot water, 
allowed to settle a few moments, decanted again 
and this operation repeated two or three times, 
after which it is transferred to the filter and well 
washed, using about 200 cc. of hot water. It is 
not necessary or practicable to wash free of 
chlorides. Indeed, in one experiment a faint test 
for chlorides was still obtained after washing 
with a liter of boiling water., The liquid, or an 
aliquot containing about 0.01-0.02 gram of K, 
is put  into a porcelain casserole or dish, acidified 
slightly with acetic acid and evaporated to a volume 
of about I O  or I j  C C . ~  Ten cc. or a liberal excess 
of the cobaltinitrite reagent, prepared according 
to Adie and WoodJ2 are added slowly, so that the 
precipitate may not be too finely divided, and the 
liquid evaporated on the water-bath to a syrupy 
consistency becoming solid on cooling. It is 
important not to heat longer than is just necessary. 
After cooling, the soluble matters are dissolved 
in about 25 cc. of cold water which should give a 
brown solution, showing excess of reagent, and the 
solution decanted through a carefully prepared 
Gooch filter3 and this operation repeated until the 
dish and any precipitate remaining in i t  have been 
thoroughly w a ~ h e d . ~  After washing the filter, 
the felt with the precipitate is returned to the dish 
in which the precipitation was made and well 
broken up by stirring with a glass rod in a little 
water. If any of the precipitate adheres to the 
Gooch crucible so that i t  cannot be washed off, the 
crucible also is to be put into the dish. h measured 
excess of N /  I O  potassium permanganate solution 
(usually 20-40 cc.) is now run in and the whole 
diluted to about 8 or IO times the volume of per- 
manganate added, the dish covered and its con- 
tents heated nearly to boiling over free flame or 
hot plate, with frequent stirring, for about ten 
minutes, or until the potassium cobaltinitrite is 
thought to have been completely oxidized. It 
was found that the’oxidation requires a somewhat 
longer time than the five to eight minutes recom- 
mended by Drushel, apparcntly because it is hard 
to separate the yellow potassium precipitate from 

1 When the reagent is added to a dilute solution, it  is decomposed 
In small volumes, this does before the potassium salt is prectpitated. 

not happen. 
2 Sutton’s “Volumetric Analysis,” 9th edition, p. 62 
8 The asbestos pulp for making the felt should be just fine enough 

to hold the precipitate and free from very fine particles. 
4 A half-saturated solution of common salt may be used instead of 

water, if there is trouble in filtering the precipitate. 
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the asbestos, so that the permanganate can come 
in contact with it. When the oxidation is thought 
to be complete, as indicated by the darkening of 
the solution and separation of manganese hy- 
droxide, about 15 cc. of dilute sulphuric acid ( I :  7) 
are added and allowed to act three or four minutes 
to favor oxidation of the last traces of cobalti- 
nitrite.l A measured excess of N / I O  oxalic acid 
containing 50 cc. of concentrated sulphuric acid 
to the liter is then run in and the liquid kept at the 
same temperature until all the manganic hydrate 
has been dissolved and the solution is colorless. 
At  this point it will be seen by the absence or pres- 
ence of the yellow potassium compound, whether 
the oxidation of the cobaltinitrite precipitate was 
complete. The excess of oxalic acid is now titrated 
with N /  IO permanganate solution. The total 
volume of permanganate solution used, less that 
equivalent to the oxalic acid added, gives the 
amount used up in oxidizing the cobaltinitrite and 
this, multiplied by the appropriate factor, gives 
the weight of potassium obtained. One cc. of N / I O  
permanganate solution is equivalent to 0.0007 I I 

gram IC, or 0.000856 gram K,O. It is necessary, also, 
to carry out a blank experiment, under the same 
conditions as the analyses, using the same quantities 
of the reagents, and to subtract the small amount of 
permanganate solution consumed from that found 
in the analyses, The following determinations 
have been corrected in this way. The perman- 
ganate used was standardized by means of Kahl- 
baum’s special C. P. sodium oxalate and also by 
iron wire, the two methods giving identical re- 
sults. The soils analyzed were the two samples 
sent out for cooperative work in 1908 by the Ref- 
eree on Soils of the Association of Official Agri- 
cultural Chemists, and were selected for testing 
this method because a number of determinations 
had already been made upon them in this and other 
laboratories by the J. Lawrence Smith method and 
by Pettit and Ystgard’s modification of that  
method.2 The following table gives the results 
obtained by the new method, in the columns 
headed “ volumetric,” in comparison with deter- 
minations by the J. L. Smith method and the 
average of some twelve to fourteen determinations 
by Association chemists, in the columns headed 
‘‘gravimetric.” 

1 The sulphuric acid is not to be added first, along with the per- 
manganate, as the action would be very rapid and some cobaltinitrite 
might escape oxidation. 

Proceedings A. 0. A.  C . .  1906 (Bureau of Chem., Bull. 105) page 
147, also U. S.  Dept. Agr., Bur. of Chemistry, Circular No. 34, p. 4.  

PERCENTAGE OF K,  CALCULATED O B  THE WATER-FREE SOIL. 
Sample No. 1 .  

Volu- Gravi- Volu- Gravi- 
metric. metric. metric. metric. 

Sample No. 2.  
-_-A_- ----- 

1 1 gram of soil taken. . . . . . . . . . . . .  1.14 . .  1.47 . .  
2 1 gram of soil taken.. . . . . . . . . . . . .  1.14 . .  1.46 . .  
3 1 gram of soil taken,,  . . . . . . . . . . .  1.22 . .  1.47 .. 
4 %gramofsoiltaken . . . . . . . . . . . .  l . l i  . .  1.43 . .  
5 54 gram of soil taken.. .......... 1.23 .. 1.46 . .  
6 1 gram taken, solution divided.. . 1.12 1.07 1.60 1.45 
7 1 gram taken, solution divided.. . 1.12 1.07 1.65 1.46 
8 1 gram taken, solution divided.. . 1.10 1.14 1.37 1.44 
9 1 gram taken, solution divided.. . 1.12 1.10 1 .SO 1 .50 

Average .................... 1 . 1 5  1.10 1.49 1.46 

A. 0 .  A. C. average, Smith method.. . .  1 .I8 .. 1.56 

Ystgard modification.. . . . . . . . . . . .  1 . 1 7  .. 1 . 5 6  

- - ~ -  

A. 0. A. C. average, Pettit and 

In Experiments 6, 7 ,  8 and 9, I gram of soil was 
treated by the Smith method as far as obtaining 
the solution. This was then divided into two 
equal parts, one-half being used for determination 
of potassium, as already described, and the other 
by the regular gravimetric method. In this way 
irregularities in the decomposition of the silicates 
would be eliminated from the comparison, 

A good degree of concordance is found in the 
average results of all the determinations by the 
three methods, though there is not as close agree- 
ment as could be desired between the several 
findings by  the new method, especially in soil No. 
2, the difference between the lowest and highest 
being 11 per cent. of the average in soil No. I ,  

and 19 per cent. in soil No. 2.  The low result in 
Experiment 8 of soil No. 2 has not been ac- 
counted for, but i t  is believed that the high results 
in Experiments 6 and 7 on the’same soil were caused 
by too long heating of the residue after evaporation 
with the nitrite reagent, In these two instances 
the dishes were, through oversight, left on the 
water bath two or three hours. When the residue 
is heated too long, especially when the solution 
has not been sufficiently concentrated before the 
nitrite reagent is added, the yellow potassium 
precipitate becomes contaminated with small quan- 
tities of a bluish-green substance probably con- 
taining cobalt, which washing with water does not 
remove. Under these circumstances, the results 
appear to be too high. This source of error should 
be carefully guarded against also in the blank 
experiments. The potassium equivalent to per- 
manganate reduced in g blank experiments with 
reagents only ranged from 0.10-0.23 per cent. K, 
calculated for I gram portions, the average being 
0 . 1 5 6 7  K, a variation great enough to introduce a 
very considerable error, showing that the greater 
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part of the reduction was not due to potassium 
in the reagents. 

Two control experiments made with the quan- 
tities of reagents used for I gram of soil, dividing 
the solutions from each into two equal parts and 
adding 0 . 0 1 7 5  gram of C. P. K2SO4 to each of two 
of these portions gave, in the halves to which no 
potassium had been added, 3.2 cc. and 1.65 cc. of 
permanganate solution reduced. I n  the corre- 
sponding halves, after subtracting the equivalent 
of the potassium added from the total volume of 
permanganate solution reduced, there remained 
1.51  cc. and 1 . 2 4  cc. respectively, a much more 
satisfactory result. The plan of adding a known 
quantity of potassium to the control will probably 
give more reliable results than are obtained with- 
out this addition. These and other points affect- 
ing the accuracy of the method will be investigated 
further. 

It is believed that these sources of error can be 
controlled and that the method is a promising 
one for rapid work, where many determinations 
are to be made a t  the same time. It has the ad- 
vantages of easy manipulation, rapidity, requiring 
only about half the time necessary for the Pettit- 
Ystgard modification, and cheapness of reagents 
used as compared with platinum chloride. 

I t  is self-evident that the method is of as general 
application to silicates as that of Smith, but i t  has 
only been tried upon soils. 

POTASSIUM, AS PER CENT. OF THE WATER-FREE SOILS. 
Sample 1. Sample 2. . -- 

Pettit- Pettit- 
Ystgard Ystgard 

modi- Smith modi- Smith 

A. W. Gregory, Illinois.. . 1.156 1.205 1.568 1.582 
1.157 1.175 1.547 1.598 
1.182 1.164 1.566 1.594 
1.156 1.208 1.552 1.586 
1.158 1.223 1.547 1.566 

W. B. Ellett. Virginia.. .. 1.068 1.183 1.495 1.564 
1.081 1.121 1.487 1.536 

S. D. Averitt. Kentucky. 1.190 1.162 1,552 1.491 
1.185 1.170 1.546 1.541 
1.214 1.202 1.531 1.565 

... ... ... 1.630 

Analyst. fication. method. fication. method. 

0. M. Shedd. Kentucky.. ... ... ... 1.510 

R. F. Trowbridge, Missouri 1 ,177 1.186 1.512 1.357’ 
A. A. Wells, Iowa.. ...... 1.271 1.121 1.608 1.7511 

1.275 1.134 1.7021 1.7601 
I.  0. Schaub, Iowa. ..... 1.3201 ... 1.656 ... 

1.4401 ... 1.678 . . .  - - -  - 
Average.. . . . . . . . . . .  1.175 1.166 1.560 1.563 

As the proceedings of the Association of Official 
Agricultural Chemists for 1908 may not appear for 
several:months, i t  will be of interest to publish here 

1 Not included in the average. 
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in detail the results obtained on these soils by the 
several chemists cooperating, using J. I,. Smith 
method and the Pettit-Ystgard modification. 

The difference between the highest and lowest 
result, included in the averages, is 18 per ‘cent. of 
the average-in No. I ,  and 1 2  per cent. in No. 2, 

by the modified method and 9 per cent. in each 
sample by the regular Smith method. 

The author desires to express his thanks to Dr. 
A. M. Peter, of this Station, for many valuable 
suggestions made during the progress of the work. 

KENTUCKY AGRICULTURAL EXPERIMENT STATION, 
LEXINGTON. KENTUCKY. 

LOSS OF POTASH IN COMMERCIAL 
FERTILIZERS. 

By F. B. PORTER AND E. G .  KENNY. 

Received January 15, 1909. 

It is a well-known fact that a t  the present time 
there is an apparent loss of water-soluble potash, 
added to commercial fertilizers, when determined 
by the method of the A. 0. A. C. This is due to 
the fact that acid phosphate, like clays and soils, 
has a certain power of withdrawing certain soluble 
compounds from solution. It was with the hope 
of learning more about this retention of potash 
that the following work was attempted. Our 
thanks are due to Mr. G. S. McDaniel for a part of 
the analytical work here reported. 

The loss is purely alaboratory matter, being due 
to the solvent used in the analytical method. The 
Lindo-Gladding method2 recognized as official by 
the Official Association of Agricultural Chemists 
requires “ with potash salts and mixed fertilizers” 
the boiling of “ IO  grams of the sample with 300 cc. 
water thirty minutes.” 

A short review of the recent work of the associa- 
tion is to the point here. The 1901 and 1 9 0 2  re- 
ports of the potash referee showed a loss of 8 per 
cent. and 7 per cent. respectively of the water- 
soluble potash added in making mixed fertilizers 
when the official method was used. 

The addition of 5 cc. of hydrochloric acid was 
suggested as a means of freeing the potash. This 
was tried by the association for two years and 
recommended as an addition to the official method 
by the referee a t  the 1904 meeting. The modified 
method gave results much nearer the calculated 
amount added as shown by the following table: 

1 Presented before the Division of Fertilizer Chemists, Baltimore, 

2 Bureau of Chem.. Bull. 107, p. 11. 
December 31, 1908. 


